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Abstract
Question: Is Opuntia stricta more frequent, and its patches 
larger, under trees suitable for baboon roosting? If so, does it 
mean that baboons are major dispersal agents and that plants 
established under these trees are important foci of Opuntia 
stricta spread?
Location: Skukuza, Kruger National Park, South Africa.
Method: We surveyed an area invaded by Opuntia stricta in 
the Skukuza region of KNP. The survey included plots under 
potential baboon roosting trees, plots under trees unlikely to 
support baboons, and paired randomly located open sites.
Results: The null hypothesis – tree-Opuntia spatial inde-
pendence – can be rejected for Acacia nilotica, but not for 
Spirostachys africana. Opuntia plants are positively associated 
with Acacia trees suitable for baboon roosting. However, there 
is no significant difference between frequency of Opuntia under 
Acacia trees suitable and unsuitable for baboon roosting. It ap-
pears that all Acacia trees can serve as nurse trees for Opuntia. 
Compared to plots under Acacia trees, frequencies of old and 
robust Opuntia plants are significantly higher in open areas 
and under dead trees.
Conclusions: While baboons may be responsible for long dis-
tance Opuntia dispersal (over km), their role is not detectable at 
a local scale. On the other hand, elephants seem to contribute 
substantially to the local vegetative propagation of this spe-
cies. Opuntia establishment and growth are more influenced 
by micro-habitat than previously thought.
Keywords: Dispersal; Invasion; Nurse-plant; Roosting tree; 
Savanna ecosystem; Vector; Vegetative propagation.
Nomenclature: Germishuizen & Meyer (2003) for plant 
species.
Abbreviation: KNP = Kruger National Park.
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Introduction
 Opuntia stricta var. dillenii (sour prickly pear) is one 
of the most important plant invaders in Kruger National 
Park (KNP; Foxcroft et al. 2004), South Africa. This 
Central American species is also a major invader in 
Portugal (Monteiro et al. 2005), Spain (Vilá et al. 2003), 
coastal southern China (Yan et al. 2001), New Caledonia, 
Solomon Islands, Yemen, Eritrea, Ethiopia, and Somalia 
(Anon. 2005). Opuntia stricta is also a textbook example 
of successful biological control in some parts of Australia 
(Dodd 1940; Johnson 1982). 
 A considerable amount of work has been done on 
control and some aspects of the biology of this species in 
KNP (see Lotter 1997; Lotter & Hoffmann 1998; Hoff-
mann et al. 1998 a, b; Hoffmann, Moran & Zimmermann 
1999; Reinhardt et al. 1999; Reinhardt & Rossouw 2000; 
Foxcroft & Hoffman 2003; Foxcroft 2003; Foxcroft et 
al. 2004). However, the fact that no work has been done 
on the dispersal ecology of O. stricta in KNP (Foxcroft 
et al. 2004) has hampered general understanding of the 
invasion dynamics. Nevertheless, it is well known that ripe 
fruits are mainly eaten by baboons (Papio ursinus ) and, 
occasionally, by elephants (Loxodonta africana) in KNP 
(Lotter 1999). Elephants are undoubtedly also involved 
in vegetative propagation of Opuntia through dispersal of 
plant fragments that root readily (as was also suggested 
by Lotter 1996). Invasion of some other Opuntia species 
introduced to Australia and Africa depends completely 
on vegetative propagation (Auld et al. 1983; Rejmánek 
pers. obs.).
 It has long been hypothesized that some clumps of 
Opuntia stricta in KNP are associated with trees serv-
ing as baboon roosts (for example see J.H. Hofmann in 
Foxcroft et al. 2004). This would mean that Opuntia 
plants established under trees potentially suitable for 
baboon roosting could serve as important dispersal foci 
of this species. Even if some observations support this 
possibility (Opuntia plants growing in forks of major 
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branches; Foxcroft et al. 2004) there has not been any 
systematic effort to test this hypothesis. We tested this 
hypothesis in one area of KNP infested by Opuntia (See 
Fig. 1). Our main questions were: 
1. Is Opuntia stricta more frequent, and are its patches 
larger, under trees suitable for baboon roosting?
2. If so, does it mean that baboons are major dispersal 
agents and that plants established under these trees 
are important foci of Opuntia spread?
Material and Methods
Study area
 Kruger National Park (KNP) is situated on the east-
ern side of the Limpopo and Mpumalanga provinces 
of South Africa, and is bordered on its eastern side by 
Mozambique. Extending 360 km from north to south and 
covering about 20  000 km2, KNP is one of the largest 
areas in the world managed primarily for biodiversity 
conservation (Du Toit et al. 2003). 
 Our study was located in the southern region of KNP 
near Skukuza camp (centre of plot being 25°00'537 S 
and 31°58'480 E). The area is classified as the ̒ Skukuza 
land type  ̓by Venter (1990). The Skukuza land type is 
associated with the Sabie River valley and adjoining 
low-lying areas. The area is generally characterized by a 
complex soil pattern, although generally shallow and of 
the Glenrosa soil form. There is generally a dense shrub 
layer with sparse grass cover, and frequently dense stands 
of Spirostachys africana on the foot-slopes. 
Sampling
 Our field work was conducted at the end of the dry 
season between 27.09.2005 and 02.10.2005. Only two 
tree species, Acacia nilotica ssp. krausiana and Spiro-
stachys africana, contributed to more than 90% of tree 
individuals in the area invaded with Opuntia stricta. 
In the study area of approximately 340 m × 380 m, 60 
trees of Acacia and 60 trees of Spirostachys were found 
to be morphologically suitable for baboon roosting 
(strong branches, with a minimum diameter of 5 cm, 
< 20°). Under each tree, a circular plot, with the radius 
corresponding to the extent of branches that could po-
tentially support baboons (0.5 m to 2.5 m) was searched 
for Opuntia plants. Opuntia patches were only recorded 
when their centres were situated within the defined radius. 
The size of the Opuntia patch was quantified by two 
perpendicular measurements of their diameters. The area 
of individual patches was estimated as π((d1 + d2)/4)2, 
where d1 and d2 are the two perpendicular diameters. For 
each tree-centred plot, one reference circular plot, of the 
Fig. 1. Opuntia stricta invasion in Kruger National Park. The Opuntia stricta / Acacia nilotica association is visible in the back-
ground, while no plants are visible at the base of the Spirostachys africana tree (front, right).
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same radius was located in a random direction 5 m away 
from the tree, and analysed in the same way for Opuntia 
presence/abundance. If more than one patch of Opuntia 
was present, their areas were combined. If the randomly 
located plot was situated under a canopy of another tree, 
a new random direction was chosen. Shrub cover in each 
plot was visually estimated and the diameter at breast 
height (DBH) of trees measured as well.
 Opuntia plants were classified into three robustness 
categories: 1 = ʻyoungʼ, relatively small plants consist-
ing of less than 10 cladodes; 2 = medium size plants; 
3 = obviously older plants, consisting of more than 30 
cladodes, > 50 cm tall, or parts of large (>10 cm diam-
eter) basal stems visible. As frequencies of Opuntia in 
the Spirostachys dominated area were relatively low 
(see Results), the data on Opuntia plant robustness were 
analysed only for Acacia plots and corresponding open 
plots. In addition, 19 Opuntia populations under dead 
Acacia trees were also evaluated for plant robustness in 
the same area.
 To separate the effect of microhabitats created by 
the trees themselves, 60 plots under Acacia trees obvi-
ously unsuitable for baboon roosting (thin, very dense 
branches) were analysed in the same manner, including 
paired reference plots. In this analysis, half of the Aca-
cia crown radius was consistently used as a radius for 
sampled pairs of plots.
Data analyses
 The data on frequency (presence/absence) of Opuntia 
plants in analysed plots were summarized into 2 × 2 
contingency tables and the null hypothesis of tree-Op-
untia spatial independence was tested using the X2 test. 
Strength of interspecific association was measured as 
Q (Pielou 1977). The coefficient Q is equal to –1 when 
at least one of the two species is never present together 
with the other one (complete negative association), and 
is equal to +1 when at least one of the two species is 
always present together with the other one (complete 
positive association). Robustness of Opuntia plants 
(three categories) in three habitats (Acacia, open, dead 
Acacia) was analysed as a three by three contingency 
table. To compare mean areas of Opuntia patches under 
trees and in reference open areas, the paired t-test was 
used to analyse the pairs where Opuntia was present in 
both the tree and corresponding open plot. The paired 
t-test was also used to test differences in shrub cover 
under Acacia trees and in corresponding open plots. The 
relationship between Opuntia presence and shrub cover 
was tested using logistic regression. For all statistical 
analyses we used StatView 5.0.1 (SAS Instruments Inc., 
Anon. 1998).
Results
 The null hypothesis, tree-Opuntia independence, can 
be rejected for Acacia nilotica (p < 0.002; see Table 1 for 
a summary of frequency data). It cannot be rejected for 
Spirostachys africana. Here, however, even if the overall 
frequency of Opuntia is very low (only 20 presences were 
recorded in 120 plots), there is a tendency for Opuntia to 
be present under Spirostachys trees rather than in open 
areas. There is also a tendency for Opuntia patches to 
be larger under Acacia trees compared to open areas 
(4.71 m2 vs. 3.11 m2). However, the difference is not 
significant (paired t-test, t = 1.86, df = 21, p = 0.076).
 The overall heterogeneity of the frequency data on 
Opuntia plant robustness, summarized in a three by three 
contingency table (Table 2), is highly significant (X2 = 
48.3, p = 0.0001; Table 2.). Obviously, the source of the 
contingency table heterogeneity is the low frequency 
of the large plants (third category) under Acacia trees. 
There is no significant difference in frequencies in open 
areas and under dead trees; both habitats exhibit a high 
frequency of old and robust Opuntia plants. Therefore, 
even if the frequency (presence) of Opuntia under Acacia 
trees is higher than in open areas and mean Opuntia patch 
size also seems to be larger under Acacia trees, Opuntia 
plants are, on average, more robust and, presumably, 
older in open areas and under dead trees.
 Frequency data on presence/absence of Opuntia 
under Acacia trees not suitable for baboon roosting and 
in the paired open plots (Table 3) again shows that the 
null hypothesis, Acacia-Opuntia independence, can be 
rejected (p = 0.001). The overall frequency of Opuntia 
plants in this analysis is somewhat lower. However, this 
can be easily explained: because the trees not suitable 
for baboon roosting were in general smaller, with mean 
DBH = 13.9 (vs. 21.2 cm), the mean radius of searched 
plots was also smaller (0.99 m vs. 1.66 m).
Table 1.  2 × 2 contingency tables summarizing frequency 
(presence/absence) of Opuntia plants under trees suitable for 
baboon roosting.
 Acacia nilotica Spirostachys africana
 Present Absent Present Absent
Opuntia Present 41 24 13  7
stricta Absent 19 36 47 53
  X2 = 9.7  X2 = 2.16,  
  p = 0.0018 p = 0.14 
  Q = +0.53 
 → positive association → not significant
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Discussion
 The first important conclusion from this study is that 
even if populations of Acacia nilotica ssp. krausiana and 
Spirostachys africana are mixed to some extent, patches 
dominated by Spirostachys are much less infested by 
Opuntia than neighbouring patches dominated by Acacia 
(Fig. 1). Even if Spirostachys trees seem to be morpho-
logically more suitable for baboon roosting than Acacia 
trees (crown radii significantly larger, no spines, and 
more horizontal branches) and baboon faeces are often 
found under them, significantly fewer Opuntia patches 
are under Spirostachys. The reason for this difference 
may be more intensive grazing under Spirostachys trees 
(substantially more heaps of pellets are found here and 
grass grazed completely to the ground; Foxcroft & Re-
jmánek pers. obs.) and associated soil erosion (denudated 
tree roots and other recent erosion phenomena; Foxcroft 
& Rejmánek pers. obs.).
 The second conclusion is that there is higher fre-
quency (presence) of Opuntia plants/patches under 
Acacia trees suitable for baboon roosting compared 
to corresponding open areas. This could be explained 
either as a result of baboon seed defecation from their 
roosts, or as a habitat modification of by Acacia trees. 
Obviously, these two factors are not mutually exclusive. 
However, if there is any beneficial Acacia habitat effect 
(e.g., shading and/or nitrogen addition), this would have 
to be important only in initial stages of Opuntia plant 
establishment because plants in open areas and under 
dead trees are, on average, significantly more robust. 
 Our analysis of Opuntia abundance under Acacia 
trees unsuitable for baboon roosting sheds some light 
on this intriguing question. As there is virtually no dif-
ference between results presented in Tables 1 and 3, we 
may conclude with a high degree of certainty that estab-
lishment of Opuntia plants, either from seeds or from 
elephant dispersed cladodes, is significantly facilitated 
by the micro-environment created by Acacia trees. A 
study on an Acacia schaffneri - Opuntia strepcantha 
association in the southern Chihuahuan desert (Yeaton 
& Romero Manzanares 1986) hypothesized that either 
O. strepcantha (an erect platyopuntia, as is  O. stricta) 
utilized the increase in available nitrogen or shade pref-
erences explained their habitat preferences. As Opuntia 
plants in open areas are significantly more robust, it 
does not seem to be increased soil nitrogen content but 
protection of young plants from direct solar radiation 
that facilitates their establishment. Similar results were 
reported for the native cactus Neobuxbaumia tetetzo in 
the Tehuacan Valley, Mexico (Valiente-Banuet & Ezcurra 
1991). It seems that while Cactaceae are a xerophytic 
family par excellence, propagules of some species in this 
family need shade of nurse plants for their successful 
establishment (Arriaga et al. 1993; de Viana et al. 2001). 
In addition, there is one more factor potentially involved 
in the Opuntia establishment process in KNP. The mean 
cover of shrubs is significantly higher under Acacia trees 
(29.1%) compared with open areas (16.6%; paired t-test, 
t = 4.9, n = 120, p < 0.001). Therefore, not only Acacia 
shade, but also shrub shade may contribute to survival 
of young Opuntia plants. Moreover, shrubs may also 
protect Opuntia seedlings against grazing. Neverthe-
less, logistic regression did not reveal any dependence 
of Opuntia presence on shrub cover under Acacia trees 
(p = 0.70). Similarly, there was no relationship between 
the total area of Opuntia patches and shrub cover under 
Acacia trees (p = 0.51). The higher cover of shrubs under 
Acacia trees may indicate that habitats under them are 
also more suitable for establishment of other perennial 
plants than Opuntia.
 As we only found very few seedlings in the course 
of this research (< 10), we believe that propagules pri-
marily involved in the spread of Opuntia at this level 
of infestation and at this spatial scale are in more than 
90% of cases individual Opuntia cladodes or fragments 
consisting of several cladodes. These are dispersed short 
distances, presumably up to 10 m, by elephants walking 
through Opuntia stands. Most of the dispersed cladodes 
readily root and give rise to new plants. We found that 
Table 2. 3 × 3 contingency table summarizing frequencies of 
the three Opuntia robustness categories (small, medium, large) 
in the three habitats.  Numbers in parentheses are expected 
frequencies.
   Habitat
  Acacia nilotica Open areas Dead A. nilotica
 1 18  (8.6)  2  (8.6)  0  (2.7)
Opuntia
robustness 2 25  (15.1)  9  (15.1)  1  (4.8)
 3 17  (36.3) 49  (36.3) 18  (11.5)
Table 3. 2 × 2 contingency table summarizing frequency 
(presence/absence) of Opuntia plants under Acacia trees not 
suitable for baboon roosting.
                                Acacia nilotica 
  Present  Absent 
Opuntia Present  37  19
stricta
 Absent  23  41
  X2 = 10.85,  p = 0.0010, 
  Q = +0.55  → positive association
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out of 50 randomly collected cladodes, 31 had formed 
roots and most likely will survive. Further, cladodes that 
had not formed roots appeared as though they had mostly 
been deposited recently. 
 Seed dispersal by birds cannot be excluded. However, 
dispersal of O. stricta by birds seems to be negligible in 
Spain (Gimeno & Vilà 2002). While some other Opuntia 
species in South Africa are dispersed by crows (Dean & 
Milton 2000), there is not any indication that O. stricta 
is dispersed by birds in KNP. Further, there is no other 
evidence of utilization by any other animal. Our overall 
impression is that baboons may contribute to long-dis-
tance dispersal of Opuntia, but satisfactory evidence is 
still not available. On the other hand, once Opuntia plants 
grow to the stage of several cladodes, we are certain that 
elephants are the key dispersers, through the action of 
breaking off and dispersing Opuntia fragments. This 
then promotes coalescence of individual patches and 
overall Opuntia-homogenization of the habitat suitable 
to establishment of this species, i.e., with sparse tree 
cover and exposed to intermediate disturbance (moderate 
grazing, and only light soil erosion).
 This, of course, is a very unfortunate situation be-
cause landscapes with these characteristics are common, 
if not prevailing, in KNP and elephants are an integral 
part of the system. Detection and eradication of new 
isolated foci should have the highest priority (Rejmánek 
& Pitcairn 2002). Attempts to control Opuntia stricta 
biologically with two herbivorous insects Cactoblastis 
cactorum (Lepidoptera, Phycitidae) and Dactylopius 
opuntiae (Homoptera, Dactylopiidae) had not been 
successful in KNP. Fortunately, the new biotype of 
D. opuntiae (ʻstrictaʼ) was imported to South Africa, 
tested and released in KNP in 1997. This biotype has 
become abundant in the vicinity of the release sites and 
has caused considerable local suppression of O. stricta 
(Hoffmann et al. 1999). A massive Dactylopius rearing 
operation is currently under way in KNP. As mechanical 
and/or herbicidal control of all Opuntia species is very 
difficult, biological control, if successful, is the only 
possible solution in this situation.
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